Abstract. Cervical cancer (CC) is one of the leading causes of cancer-associated mortalities in women from developing countries. Similar to other types of cancer, CC is considered to be a multifactorial disease, involving socioeconomic, cultural, immunological and epigenetic factors, as well as persistent human papilloma virus (HPV) infection. It has been well established that cancer stem cells (CSCs) play an important role in defining tumor size, the speed of development and the level of regression following treatment; therefore, CSCs are associated with a poor prognosis. CSCs have been detected in many types of cancer, including leukemia, pancreatic, colon, esophagus, liver, prostate, breast, gastric and lung cancer. In cervical cancer, CSCs have been associated with resistance to normally used drugs such as cisplatin. The present review summarizes the strategies that high-risk HPV viruses (HPV-16 and HPV-18) have developed to transform normal epithelial cells into cancer cells, as well as the cellular pathways and studies associated with the identification of cervical cancer stem cell biomarkers. In this sense, the present review provides state of the art information regarding CC development.
Overview
Cancer is the leading cause of mortality from non-infectious diseases worldwide, while mortalities associated with infectious diseases have been declining (reported in 2014) (1) . Cancer is defined as a multistep process involving the uncontrolled proliferation of genetically altered cells capable of invading adjacent and distant tissues, via utilization of the blood and lymphatic systems (2, 3) . Certain types of cancer are more prevalent in developing countries, mainly due to intrinsic factors such as poverty, late or incorrect diagnosis (1, 4) , infectious diseases, and other factors including obesity, physical inactivity, alcoholism and smoking (5) .
In 2015, >8.8 million cancer-associated mortalities were reported worldwide; 70% of which occurred in low and middle-income countries and 25% of these were induced by viral infections, such as hepatitis virus or human papilloma virus (HPV) (6, 7) . HPV-16 and HPV-18 are the main biological factors associated with the development of cervical cancer (CC), and are the third most common cause of malignant tumors. According to the 2018 report of GLOBOCAN, CC remains the fourth most common cause of cancer-associated mortalities among women worldwide (6, 7) , and one of the most fatal types of cancer among the female population in developing countries (7) (8) (9) . In Mexico, CC is the second most common cause of cancer-associated mortality in women (2018), primarily due to poor clinical diagnosis during the early stages of disease (7, 10) . Previous reports between 2015 and 2017 revealed that HPV-16 and HPV-18 are responsible for 65-75% of precancerous cervical lesions and are present in 99% of patients with CC worldwide (9, (11) (12) (13) . However, it has also been established that HPV infections do not necessarily trigger CC (9, 12, 13) . In this sense, a significant number of factors are involved; contraceptives pills, multiple sexual partners, multiple births, obesity, smoking, alcoholism, poor diet, immunosuppressive cervical microenvironment, abnormal vaginal microbiota, co-infections with
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Chlamydia trachomatis or human immunodeficiency virus and the presence of cervical cancer stem cells (CCSCs) (9, 12, (14) (15) (16) (17) (18) (19) .
Regarding abnormal vaginal microbiota, certain published reports have indicated remarkable changes in the microenvironment of patients during the late stages of the disease. Therefore, patients positive for HPV exhibit more complex bacterial diversity than a healthy subject. Reports on patients with HPV frequently exhibit the presence of Lactobacillus iners; however, Sneathia spp., Megasphaera elsdenii and Shuttleworthia satelles were commonly found in cervical intraepithelial neoplasia (CIN) cases (9, 19, (20) (21) (22) . Therefore, some of these microbes could be considered as a microbiological marker associated with the HPV-infection and CIN. Besides, Fusobacterium spp. is the most abundant microorganism found in CC cases (19) . Figs. 1 and 2 illustrate the changes in the cervical microbiota through the progression of CIN I to CC.
Although a number of genetic and molecular events require further clarification in cervical carcinogenesis, it is currently accepted that HPV viruses depend on epithelial cell differentiation to establish their progeny and spread their viral genes (11) (12) (13) . HPV has a more significant opportunity to infect basal cells with stem cell-like properties and integrate its viral DNA into the genome of these cells, driving the oncogenic transformation into CCSCs (13, 23) . The infection occurs where the ectocervix and endocervix join, known as the transformation zone (TZ) or the squamocolumnar junction (12, 13, 24) . The TZ has a unique morphology and genetic expression profile, expressing keratin 7, anterior gradient 2, CD63 and matrix metalloproteinase 7, as well as other genes (24) . Another essential factor in cervical carcinogenesis is the epithelial-mesenchymal transition (EMT). EMT is a crucial process for the generation of invasive cells and metastasis and it is regulated by snail family transcriptional repressors 1 (SNAI1) and 2 (SNAI2), and twist family bHLH transcription factor 1 (TWIST1) transcription factors. The EMT is a rich source of CSCs and its induction promotes metastasis, tumor cell invasion and drug resistance. EMT-specific changes include the loss of E-cadherin expression and upregulation of N-cadherin and Vimentin (25) (26) (27) (28) .
On the other hand, the presence of CCSCs is another factor that is equally important for triggering the development of CC, as they provide several malignant characteristics to the tumor, such as the proliferation and metastasis capacity, resistance to radiation and cisplatin-based chemotherapy. Currently there are no therapies capable of eliminating CCSCs, and their presence results in poor prognosis in CC. In this sense, development of dual therapies against CC could eliminate both primary cancer cells and CCSCs. Specific biomarkers from CSCs are being considered as promising targets for the development of new therapies in many types of cancer. In the present review, the leading factors involved in cervical cancer development were investigated, with a particular emphasis on specific biomarkers reported in CCSC.
HPV: A key factor in CC development
HPV consists of double-stranded and circularized DNA that contains non-coding, long control regions and eight open reading frames that encode viral proteins located in the 'early' and 'late' regions (8, 29) . The early stages of HPV DNA replication occur in proliferative basal epithelial cells, yielding low viral copy numbers (8) . However, the progeny of basal cells replicates and move into the spinous cells layer where viruses mature; allowing the expression of late capsid proteins and the release of infectious virions within desquamated cells (8) .
Role of viral proteins. Early HPV genes are involved in the synthesis of proteins associated with replication and maintenance of the viral genome. In addition, late genes encode proteins associated with the formation of the viral coat.
E1 is a DNA helicase required for viral replication in host cells. E1 establishes the viral genome as a multicopy episome in the nucleus of cells and can arrange protein-protein and protein-nucleic acid interactions. In this sense, p80, human SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily b, member 1, histone H1, E1 binding protein and p56, are essential in order to link the DNA replication network of the host cell with the replication origin of the virus. Given the role that E1 serves in viral DNA replication and its immediate interaction with the host machinery, there has been speculation regarding its participation in the development of cervical cancer (30) (31) (32) (33) .
E2 is considered the central transcriptional regulator of the papilloma viruses as it interacts with E1 when DNA replication begins, and because this protein scatters the viral episomal genomes during the division of the infected cells. E2 mediates the interactions between the viral genome and chromatin adapter proteins at the point of mitotic division and indirectly regulates transcription of E6 and E7 producing several effects on the cell cycle that affect proliferation, differentiation, apoptosis and senescence (11, (34) (35) (36) .
E4 is associated with successful virus release and can also be used as a biomarker of active HPV infections. E4 is found between the early replication of HPV genes; however, this protein is also expressed during the late stages of the infection (37) (38) (39) (40) .
The E5 protein presents oncogenic activities in cultured cells and animals, and it is thought to play an important role in the productive virus cycle. The E5 protein has also been reported to modulate the activity of cellular proteins, interacting with targets such as Bax or NF-κB, which induce cell proliferation, apoptosis and senescence (41) (42) (43) .
E6 is expressed when transformed cells migrate to the spinous cell layer. E6 stimulates protein synthesis by increasing translation through rapamycin (mTOR) complex 1, which enhances the 5' mRNA cap translation initiation-complex. It was reported that loss of E6 resulted in poor maintenance of the HPV genome due to the failure in p53 degradation. E6 avoids apoptotic responses by binding to procaspase-8, and it is also able to inhibit the responses of interferon by downregulating multiple interferon response genes (44) (45) (46) (47) .
E7 induces HPV viral replication by reprograming the cellular environment; together with E6, it induces a potent transformation activity in the host cells. The influence of E7 is observed in many cellular processes including viral replication, transformation, cell cycle and cell death, through direct or indirect interactions with a large number of proteins (48) (49) (50) (51) (52) . E6 and E7 induce the degradation of p53 tumor suppressor protein via the ubiquitin-proteasome pathway, triggering uncontrolled proliferation of the infected cell population (15, 47, 48) .
L1 protein is comprised of the icosahedral surface of the HPV virions and it is an initial point of contact between host cells and the virus. L1 is flexible enough to release the viral genome into a new target cell; however, assembly of the new virions occurs only in fully differentiated keratinocytes that are ready to flake (53) (54) (55) (56) . Furthermore, L2 also participates in papillomavirus assembly, initiating the infection process. L2 helps HPV DNA encapsidation and it is a significant component of the late-stage proteins. Therefore, L1 and L2 proteins are involved in virion assembly and in early events of infection; for this reason, they could be used as potential vaccine antigens (29, (57) (58) (59) .
CSCs
The term 'cell', originally proposed in 1665 by the English scientist Robert Hooke, has been redefined (60) . Currently, researchers recognize the existence of a group of cells with the capacity to renew with high plasticity. SCs differentiate into the most appropriate lineage, depending on the stimuli that they receive from the surrounding microenvironment. In addition to self-renewing, SCs can generate specialized cells with limited proliferative capacity (61) .
The function of this subset of cells is to maintain tissue homeostasis during daily turnover and regenerate tissue injuries (62) . With the discovery of humans SCs, even in adults, two new challenges have emerged: i) Developing laboratory protocols that allow the isolation of SCs in sufficient amounts; and ii) understanding the molecular mechanisms that define the fate of these cells (27, 63, 64) . The identification and isolation of SCs have been performed taking advantage of molecular biomarkers consisting of differentially expressed proteins (13) . However, the expression levels of these markers change significantly depending on the environmental conditions, particularly in in vitro cultures (64, 65) . Malignant SCs are called CSCs; these cells share some characteristics with normal SCs; such as self-renewal, differentiation, high into CCSCs. The microorganisms present during this stage of the recent infection in a healthy cervix are much less diverse and much less complex than those reported in more advanced stages of the disease, such as in CIN II, CIN III, and CC. Lactobacillus spp. are the principal microorganisms observed in a healthy cervix and in CIN stage I, and are the first line of defense against pathogenic microorganisms. As the CIN advances, more toxic microorganisms are observed in the cervix such as Fusobacterium, Sneathia and Streptococcus. HPV, human papilloma virus; CIN, cervical intraepithelial neoplasia; CC, cervical cancer; CCSCs, cervical cancer stem cells; CSCs, cancer stem cells; SNAI1, snail family transcriptional repressor 1; SNAI2, snail family transcriptional repressor 2; TWIST1, twist family bHLH transcription factor 1; BMI1, BMI1 polycomb ring finger proto-oncogene; Oct 4, octamer-binding transcription factor 4B; Krt7, keratin 7; AGR2, anterior gradient protein 2 homolog; Sox2, sex determining region Y-box 2; Klf4, Krüppel-like factor 4; ALDH1, aldehyde dehydrogenase 1; CD, cluster of differentiation; CK, cytokeratin; NS, Nucleostemin; MSI1, musashi RNA binding protein 1; ABCG2, adenosine triphosphate-binding cassette subfamily G member 2; PIWIL2, piwi like RNA-mediated gene silencing 2; LGR5, Leucine-rich repeat-containing G-protein-coupled receptor 5; HR, high-risk; EMT, epithelial-mesenchymal transition; MMP, matrix metalloproteinase; ABCG2, adenosine triphosphate-binding cassette subfamily G member 2.
expression of telomerase, apoptosis evasion and the ability to migrate (66) . CSCs are also able to transport substances like drugs throughout the membrane, via the membrane transport protein adenosine triphosphate-binding cassette subfamily G member 2 (ABCG2), which leads to the recurrence of disease in patients following surgery and chemotherapy (13, 23, 24, 27, 52) .
Theories regarding the origin of CSCs. Given the similarities between SCs and CSCs, several theories exist regarding the origin of CSCs. DNA mutations can affect somatic cells and SCs; therefore, essential alterations can target SCs and produce CSCs with high tumorigenic capacity. Another possibility is regarding the DNA mutations that target stemness genes in malignant progenitor cells, transforming progenitor cells into CSC (13, 24) . However, the possibility exists that CSCs could be present in a dormant state until the initiation of carcinogenesis (23, 24, 67) .
CSC and metastases.
As aforementioned, CSCs are involved in promoting cancer metastasis due to their migratory and invasion capacity to distant organs. Previous studies have demonstrated that tumor-associated CSCs are associated with adverse outcomes and high rates of metastasis (23, 25, 26, 68, 69) . EMT is considered to be the primary source of metastatic cells. The transformation of this cell is induced by transcription factors, such as SNAI1, SNAI2, TWIST1 and BMI1 polycomb ring finger proto-oncogene (BMI1), which are highly expressed in CSCs. The EMT produces a loss of epithelial adhesion and apical-basal polarity, allowing the release of transformed cells with CSC characteristics into the circulatory system (25) (26) (27) . Fig. 1 illustrates the cells undergoing EMT, resulting in metastasis.
Biomarkers in CCSCs
Certain specific markers have been reported for CSCs, including CD44, CD90, CD133, CD271, epithelial cell adhesion molecule and aldehyde dehydrogenase 1 (ALDH1). However, there is no set of universal biomarkers to identify and isolate CSCs (23, 27, (65) (66) (67) (68) (69) (70) (71) (72) (73) (74) . Therefore, the main method to study CSCs is through the 'side population' (SP), which is a small subpopulation within the tumor mass present in some cases (up to 20%) (75) . The SP exhibits CSC-like characteristics, such as the ability to initiate tumors, development of resistance to chemotherapeutic drugs, and its potential as a predictor of patient outcome. Therefore the SP could be an alternative source for studying CSCs with unknown biomarkers (75, 76) . Analyses on the basis of the ability of the cells to efflux the fluorescent dye Hoechst and provide a system to identify multipotent SCs (76) . The spheroid cell formation assay can also be used as it is based on the capacity of CSCs to grow and form spheres in non-adherent conditions. The principal focus is to analyze and compare the expression of surface markers via fluorescence-activated cell sorting (FACS), confocal microscopy, immunohistochemistry (IHC), reverse transcription (RT)-quantitative PCR and the isolation of CSCs for tumorigenic efficiency tests and tumor subpopulations analysis in animal models (25, 27, 65, 67) .
Therefore, CCSC populations exhibit characteristic expression profiles and cell surface markers that (on tumor tissues of patients) make their isolation possible in vitro and in vivo, as well as their evaluation, and research into the progression of cancer will make creating dual therapies directed towards specific targets of the CCSC possible in the near future. Among the main proteins expressed in CCSC are cytokeratin (CK) and CDs. Major changes occur in the expression of genes and the cervical microenvironment as CIN I progress to CC. It has been observed that certain biomarkers of CCSCs exhibit increased expression and concentration levels, such as NANOG, SOX2 and KLF4, and there is also an increase in markers that are associated with CCSCs such as, CD133, Cd44, ALDH1, CK17, p63, CK8, NS, MSI1, CD49f, ABCG2, BMI1, PIWIL2 and LGR5. Many of these markers have been reported in other types of CSCs. In the cervical microenvironment, the complexity and quantity of the microbiota are altered. As the disease progresses, the genus Lactobacillus tends to disappear and instead, microorganisms as Fusobacterium sp., Sneathia sp., Pseudomonas and Streptococcus appear. CIN, cervical intraepithelial neoplasia; CC, cervical cancer; CCSCs, cervical cancer stem cells; CD, cluster of differentiation; CK, cytokeratin; NS, Nucleostemin; MSI1, musashi RNA binding protein 1; PIWIL2, piwi like RNA-mediated gene silencing 2; LGR5, Leucine-rich repeat-containing G-protein-coupled receptor 5; BMI1, BMI1 polycomb ring finger proto-oncogene; ABCG2, adenosine triphosphate-binding cassette subfamily G member 2; KLF4, Krüppel-like factor 4.
CKs -5, -8, -13, -17, -18 and -19 are proteins expressed in reserve cells and the immature squamous metaplastic cells of the cervix. CK19 was described by Wang et al (77) , where it was revealed that the expression of CK19 in CC was significantly higher than that observed in patients with benign lesions. In addition, high levels of CK19 expression were identified by RT-PCR in the CCSCs of sentinel lymph nodes from patients with CC (77) . In a study by Ikeda et al (78) , CK8 and CK17 were investigated by performing IHC on the tissues of patients with different grades of CIN and CC. Therefore, the authors concluded that CK8 and CK17 were expressed in CIN and CC tissues, and that CK17 was associated with metastatic processes and the development of highly malignant diseases (78) . Thus, CK17 and CK19 could be considered as biomarkers of CCSCs via the primary cultivation of CC clinical samples (79) . In addition, analysis of main and side population using Hoechst 33342 dye, flow cytometry sorting method, as well as tumor formation in nude mice revealed that the side population presented higher tumorigenicity and CSC characteristics (79) .
CD44 and CD133 proteins have been broadly accepted as general CSC markers in many types of tumor. CD44 and CD133 transmembrane glycoproteins are involved in normal cellular processes (13) and also in cancer cell migration, aggregation and tumor development (13, 24, 72) . Therefore, these glycoproteins can be used as surface markers to isolate several types of CSCs including breast, prostate, pancreas, colorectal, gastric and cervical cancer (13, 72, (80) (81) (82) . On the other hand, CD49f is a highly expressed protein in CCSC and it is advantageous in its identification and isolation.
López et al (74) analyzed the presence of certain surface markers in sphere cells derived from HeLa, SiHa, CaSki and C-41 cell lines grown at low density (1,000 cells/ml) in serum-free medium and discovered an increase in CD49f and CD133 positive cells when compared with the monolayer cells.
Ortiz-Sánchez et al (69) reported characteristic phenotypes of putative CCSC including, CD49f+, CK17, p63+, AII+ and ALDH; the sphere culture exhibited a stemness state characterized by the presence of OCT4, NANOG and β-catenin. In addition, it was observed that the presence of CD49f and AII was associated with the possibility that HR-HPV can infect normal cervical cells (SCs) CSCs that expressed a set of phenotypic markers including CD49f, ABCG2, CD71 and CD133 were isolated from primary cervical tumors and cancer-derived cell lines grown as spheres. In addition, transcripts of self-renewal and stemness markers including OCT4, SOX2, NANOG, leucine-rich repeat-containing G protein-coupled receptor 1 (LGR1) and CD133 were identified, along with the overexpression of E6, Hes family bHLH transcription factor 1, a protein involved in enhancing self-renewal properties and the ability of tumorsphere formation (83) .
Hou et al (84) reported that there was a correlation between CCSC markers in patient tissue samples and the prediction of CIN prognosis. The authors analyzed paraffin-embedded surgical samples through IHC, snap-frozen CC samples and normal cervical samples using RT-PCR for CD49f, SOX2, ALDH1 and musashi RNA binding protein 1 (MSI1). In this sense, patients with tumors classified as high MSI1 and low CD49f expression had the poorest prognosis, whereas tumors without MSI1 and CD49f upregulation had the best prognosis in CC. Hou et al (84) reported, for the first time, clinical evidence regarding CCSC markers associated with the prognosis of patients with CC.
Other proteins differentially expressed in CCSC are NANOG, Nucleostemin (NS), MSI1, TWIST, nestin, ALDH1, BMI1, piwi-like RNA-mediated gene silencing 2 (PIWIL2), TIMP metallopeptidase inhibitor 4 (TIMP4), LGR5, OCT and SOX.
Ye et al (85) reported the role of NANOG, NS and MSI1 in cervix carcinogenesis and progression of cervical carcinoma by performing IHC analysis on 235 paraffin-embedded samples with normal cervical epithelia, CIN-I, -II and -III; and CC. The CINs were staged as follows (86): I, low-grade lesion with mildly atypical cellular changes in the lower third of the epithelium (mild dysplasia); CIN II, high-grade lesion with moderately atypical cellular changes confined to the basal two-thirds of the epithelium (moderate dysplasia); and CIN III, high-grade lesion with severely atypical cellular changes encompassing the full thickness of the epithelium (severe dysplasia). Ye et al (85) observed high levels of expression of the three proteins in CC, CIN -II and -III, and low expression levels in CIN I and normal cervical epithelia. However, there was no correlation among NANOG, NS and MSI1 expression levels and the prognosis of CC. In addition, NANOG, NS and MSI1 also have a critical role in the carcinogenesis of glioma, liver, gastric and other types of cancer (85) .
In 2011, Li and Zhou (87) revealed the activation of Wnt/β-catenin and Akt signaling pathways in TWISToverexpressing cells that had CSC characteristics, such as tumorsphere formation and ALDH1 and CD44 expression. The study reported that TWIST is an inducer of morphological changes associated with EMT. In addition, the spheroid cells gained expression of human actin α-cardiac muscle 1 (also known as α-smooth muscle actin) and Vimentin mesenchymal markers. Functional analysis demonstrated that spheroid cells are more resistant than monolayer cells to paclitaxel (87) . On the other hand, knockdown of β-catenin expression by small interfering RNA transfection and Akt signaling pathway inhibition by the PI3K/Akt inhibitor wortmannin, suppressed the expression of CD44 (87).
Sato et al (88) , determined the role of Nestin in CIN and CC via IHC and in situ hybridization analysis. Nestin is usually expressed in the brain; however, it was also identified in CSCs, several metastasized carcinomas and in types of cancer with poor prognosis. In this study, Sato et al (88) analyzed tissue samples from 26 cases of each stage of CIN and 55 of CC. The results revealed low Nestin expression levels in the basal squamous epithelium of CIN I; however, in CIN II Nestin was present in 65% of the cases. Nestin was found in most of the cases of CIN III localized in the squamous epithelium.
Furthermore, Nestin was detected in all of the invasive CC samples. In addition, Sato et al (88) analyzed the effects of Nestin overexpression via transfection of ME-180 cells; a metastatic cancer cell line derived from the cervix. Overexpression of Nestin induced a higher capacity to form spheres, produce a CD44high/CD24low pattern associated with the biomarkers found in breast CSCs, increased expression of ALDH, NANOG and OCT4. According to these results, the authors concluded that Nestin may be involved in the progression of CIN to CC and could be associated with the regulation of CSCs due to its ability to stimulate sphere formation in vitro (88) .
ALDH1 is a cytosolic isoenzyme normally involved in retinol oxidation to produce retinoic acid. Liu and Zheng (89) reported high levels of ALDH1 in CCSCs. The authors observed that patients exhibited high ALDH1 activity level in a subpopulation of CC cases with a great capacity for self-renewal, high differentiation potential, and high tumorigenicity, just like CSCs. The authors used tools such as FACS and functional assays in xenografted NOD/SCID mice, as well as cultures of CC cells expressing high and low levels of ALDH1 in serum-free media to promote tumor sphere cell formation. The authors concluded that ALDH1 may function as a CSCC marker. In the study by Liu and Zheng (89), cells with high ALDH1 activity were resistant to cisplatin and produced a high expression of OCT4, NANOG, Krüppel-like factor 4 (KLF4) and BMI1.
Liu et al (90) demonstrated that SOX2-positive CC cells share all the characteristics with CSCs including self-renewal, differentiation and tumor-initiating properties. Additionally, SOX2-positive cervical cells increased the levels of OCT4, BMI1 and ALDH1 stemness markers, as well as Vimentin, SNAI1 and β-catenin (mesenchymal SCs markers) (91) . For this reason, the authors concluded that SOX2 could be a critical factor in self-renewal, pluripotency and also a stemness factor needed for SCs and CCSCs differentiation (90) .
Lizarraga et al (92) described the role of TIMP4 in the stemness of CC cells. TIMP4 is a tissue inhibitor that has been overexpressed in a number of cancer cell lines and in nude mice, to evaluate its function in carcinogenesis. The results by Lizarraga et al (92) revealed a faster tumor formation in nude mice that overexpressed TIMP4 in CC cells. Notably, activation of NF-κB signaling pathway and the increasing CSC population led to a high expression of pluripotency markers as OCT3/4 and SOX2, the EMT markers SNAI1 and Vimentin and the drug efflux transporters markers ABCG1 and ABCG2 (92) . Feng et al (93) demonstrated the role of PIWIL2 in CC tumorigenesis. They observed that PIWIL2 expression was present in the HPV + CC cell lines HeLa, SiHa and CaSki, and was undetectable in HPV -cancer cell line C33A. Knockdown of PIWIL2 by short hairpin RNA in HeLa and SiHa cells decreased the tumorigenic, proliferation and chemoresistant capacity of these cells. On the other hand, overexpression of PIWIL2 in HaCat cells activated tumor-initiating capabilities and c Myc, KLF4, NANOG, OCT4 and SOX2 cell reprogramming factors were upregulated (93) . Feng et al (93) also demonstrated that PIWIL2 reactivation by E6 and E7 oncoproteins is essential in the transformation of cervical epithelial cells into CSCs. PIWIL2 was highly expressed in CIN II, CIN III and CC, but its expression in healthy tissue and CIN I was low. PIWIL2 also suppressed the expression of P53 and P21 in CC cell lines, inducing cervical carcinogenesis (93) .
Cao et al (94) previously reported the principal role of LGR5 in CC for the activation of Wnt/β-catenin signaling pathway. In addition, this study reported the role of LGR5 in CCSCs via overexpressing and silencing its effect in CC cell lines. Thus, they showed that overexpression of LGR5 induces CSC characteristics including tumorsphere formation, increased tumorigenic capacities in vivo, chemoresistance to cisplatin, augmented cell migration and invasion, and upregulate the expression of stem cell-associated transcription factors in vitro.
LGR5-overexpression in HeLa and SiHa cells was revealed as being correlated with higher expression levels of BMI1, NANOG, OCT4 and KLF4, when compared with control or silenced cells (94) . Figs. 1 and 2 summarize leading factors involved in the progression of CC, the significant changes in genetic expression from CCSC as well as the changes in microbiota population, throughout CC development and progression.
CSC signaling pathway
SCs and CSCs share Hedgehog (Hh), Notch, Wnt, NF-κB and PI3K/Akt/mTOR signaling pathways. Hh is an essential pathway for self-renewal and cell fate; it is associated with tumorigenesis, development and the progression of certain types of cancer including the maintenance of CSCs (95) . The Hh signaling pathway drives stemness in CSCs via the genetic regulation of OCT4, SOX2 and BMI1 (96, 97) . Regarding CC, Hh has been associated with poor outcomes in irradiated patients and evidence has suggested that Hh is involved in the repopulation of cervical cells following chemoradiation (98) .
The Notch signaling pathway regulates proliferation, stem cell maintenance, cell fate specification, differentiation and angiogenesis (99) . In addition, the Notch signaling pathway is involved in cell-cell communication through transmembrane ligands and receptors (100). The canonical pathway involves five canonical Notch ligands: ∆-like canonical Notch ligand (DLL) 1, DLL3, DLL4, Jagged1 and Jagged2, as well as four receptor paralogs. Cancer cells express different Notch receptors and ligands (100) and the noncanonical pathway may also have some relevance in cancer. Thus, both pathways can control several types of tumor-associated cells, including CSCs or immune cells. Furthermore, expression of different Notch paralogs varies between different types of tumor (101) . In CC, Notch can exhibit different roles depending on the disease progression: i) Maintaining immature epithelium by preventing terminal differentiation; ii) increasing NOTCH expression during the progress of CIN into CC; iii) regulation of Notch signaling pathway by E6 in CC cell lines; and iv) silencing Jagged1 in CaSki cells inhibits its tumorigenic capacity (101, 102) .
The Wnt signaling pathway is involved in cell proliferation and differentiation during embryogenesis. From Wnt signaling cascades, the canonical path is the best studied for its involvement in cancer development. There are many reports regarding CSC contribution to the maintenance of these cells through the Wnt-β-catenin signaling pathway (103) (104) (105) (106) . In CC, apoptosis is induced and tumor growth is inhibited if the Wnt signaling pathway is repressed. On the other hand, overactivation of Wnt/β-catenin signaling pathway is associated with cervical tumorigenesis with HPV infection (105, 107) . In the basal layer, Wnt ligands are required for sustaining the undifferentiated state of SCs. The majority of genetic mutations in colorectal cancer activate the Wnt signaling pathway, and CSCs are the most susceptible to transformation by these mutations (28,108).
NF-κB serves a pivotal role in HPV infected cells. This signaling pathway is involved in cancer development by regulating several oncogenic genes (109) . The NF-κB signaling pathway has two routes: The canonical pathway that depends on the inhibitor of NF-κB kinase complex (IκB), and the non-canonical pathway, which is activated when the homodimer of IkB, inhibitor of nuclear factor kappa-B kinase subunit α (IKKα) is phosphorylated. IKKα is part of the IκB complex, and is associated with the growth, metastases and stemness of several types of cancer (110, 111) .
In the PI3K/Akt/mTOR signaling pathway, PI3K and mTOR serve a critical role in cell proliferation, angiogenesis, metabolism, differentiation and survival (112) . This signaling pathway is usually activated when mTOR is not correctly regulated in cancer conditions. PI3K overexpression has been reported in ovarian cancer and CC (113, 114) . PI3K/Akt/mTOR is an essential signaling pathway to regulate self-renewal and the maintenance of stemness in SCs and CSCs. The role of CSCs is well recognized in prostate cancer (66, 115) ; however, the mechanism through PI3K/Akt/mTOR signaling regulates CSC is unknown.
Conclusions
A large number of studies have sought to expand the current knowledge of the molecular pathogenesis of CC and the progression of viral infections leading to this invasive cancer. The majority of these studies have attempted to verify that the cause of CC is the HPV infection; however, recent studies have aimed to determine the factors and changes at the molecular level that are involved with the stemness and development of CC. In this sense, a growing amount of evidence has identified the CCSCs as a novel, fundamental and strategic key factor to be considered in cancer development, chemotherapy resistance and cancer regression. Regarding the origin of CCSCs, the best-accepted hypothesis involves the transformation of SCs, via HPV infection by using their E6 and E7 oncoproteins. However, there are a large number of proteins whose natural activity is the maintenance of stemness in healthy cells. Nevertheless, SOX2, NANOG, OCT4, Klf4 and Nestin proteins are also involved in maintaining the stemness of CSCs.
ABCG2, SNAI1, Vimentin and LGR5 are other proteins that are also involved in maintenance, although it is not their primary role. This evidence confirms the existence of a complex network of regulation in CC development and progression. Thus, searching biomarkers at each disease stage is essential to improve our current knowledge for the development and application of novel therapies and to allow for an accurate CC diagnoses.
Currently, several research groups are making a great effort to identify new targets involved in the stemness of cervical cancer cells. Therefore, genes, proteins and signaling pathways are under consideration. In this sense, the information described in the present review collates some potential candidates to accomplish the difficult task of controlling CCSC development. Thus, CD44, CD133 and CD49f could be an excellent target to direct the therapeutic efforts and block Hedgehog, PI3K/Akt/mTOR, Wnt or Notch signaling pathways in CCSC.
